Abstract: The paper discusses an approach which allows the specification of a howledge-based system (kbs) at several levels. The Knowledge Acquisition and Representation Language KARL combines a description of a kbs at the conceptual level supported by graphical modelling primitives with a description at a formal and executable level. Therefore, a KAIUspecification can be used as a means for communication between expert and knowledge engineer as well as an intermediate representation, closing the conceptual gap between an informal specification md an implementation of a kbs. In the paper, KARL is mainly discussed as a graphical modelling language.
Introduction
There is a clear need for combining formal and executable specification of a kbs with descriptions at a high conceptual level supported by graphical representation primitives. In the paper, we discuss the Knowledge Acquisition and Representation Laupage-KARL, which integrates formal specfiations with a graphical modelling language.
KARL uses a refined version of the KADS model of expertise [SWB93] as the conceptual model for a kbs description. These modelling primitives can be represented graphically. In addition, these primitives have a unique and precise semantics and can be used to define an executable prototype.' To some extent, KARL can be viewed as a high-level graphical programming language.
Section one of the paper introduces the main rationale of our approach. Section two introduces the description of a kbs at the conceptual level. Section three touches the description at the formal and executable level and section four discusses the graphical modelling primitives of KARL. A comparison with related work completes the paper.
Knowledge Level Modelling
Originally, expert systems or kbs were developed 1. ,,Graphical objects have to be more than nice pictures on the screen.'' [BFN91] using the rapid prototyping approach. The acqukd knowledge was immediately implemented and the running prototype was used as a guide for the further knowledge acquisition process. The distinction of symbol level and knowledge level [New821 created the conceptual framework for a different process models for the development of kbs.
A knowledge level description of the task solved by the system and the knowledge, which is required to solve the task, is constructed during a modelling activity. This knowledge level description is built independently of the design and implementation activity. the knowledge from the domain layer in these inferences. This is done in two ways: the inference layer specifies *the inference steps that can be made using the domain knowledge. and the knowledge roles, which model the premises and c0nClusions of the inferences. The infmnce steps are assumed to be elementary in the sense that they are cumpletely described by their names, an inpdoutput specification and a reference to the domain knowledge that they use. The inference layer specifies the i n f e " steps and knowledge roles as well as the data-dependencies between these steps and roles. These dependencies are specified in a network of inference actions and knowledge d e s known as an inference structure. The inference layer restricts the use of the domain layer knowledge and abstracts from it. It restricts all possible inferences to the set of infemces which are defined by it. This is done to improve the efficiency of the problem-solving process. The inference layer abstracts from the domain layer by using task-specific names for inferences and roles. The domain-independent formulation of the inference layer should support its reuse, i.e. its application for similar tasks in different application domains. A domain view must specify the relationship between the generic terms used at the inference layer and the domain-specific knowledge specified at the domain layer. Mainly, roles have to be connected with domain concepts and inference actions have to be COMected with knowledge required for them. Task layer: A task represents a fixed strategy for achieving problem solving goals. The purpose of the task layer is to specify control over the execution of the basic inference steps specified at the inference layer. This is d m by imposing an ordering on these steps in terms of execution sequences, iterations. conditional statements etc. The description of a task consists of three components: The goal which is fdfilled by the task the control terms which correspond to knowledge role of the inferemx layer and which a~ used to specify conditiolls for the control flow; and the task structure which 1. Because there is stiU sigdcant disagreement about the third type of control knowledge (i.e., the strategic layer)
we have neither regarded it for the KARL model nor will we further discuss it in this paper. hierarchically refhes a given task to subtasks and elementary steps, i.e. inferem actions. Besides its use at the domain layer, L-KARL is used to specify the logical relationship detined by an inference action at the inference layer. Extending KADS, L-KARL can be used to defii a terminological structure of a knowledge role. In KADS. such roles are flat containers, whereas in KARL they can be used to define a task-specific terminology independently from the domain-specific terminology. The need for such a task-specific terminology is one of the most si&icant results of the role-limiting method approach ([Mar881, lpUp931).
The Retined Model of Expertise of KARL
A second improvement compared to KADS at the inference layer is the introduction of hierarchical refinement similar to levelled dataflow diagrams [Yau89] . Therefore, in KARL large specifiiatim are possible.
Fwthermore, L-KARL is used to specify the mapping between domain layer and inference layer. Modified Horn logic can be used to define a view from the problem-solving method on the domain knowledge.
The sublanguage Procedural-KARL (P-KARL) is used to specify the control flow of a problem-solving method at the task layer. Sequence, branch, loops. and proceduxe calls are the means to specify control flow and the hierarchical task structure. Conditions can be specSed via logical statements about the contents of knowledge roles. The goal of a task is onl described infatmally.
The Formal and Executable Level
The logical language L-KARL used to describe the domain layer, the iuferem layer, and their connection has a Herbrand model semantics [Llo87].
KARL allows stratitied negation under the closedworld assumption using the minimal (i.e., perfect) Herbrand model as semantics Cpn881. Constraints check this model for correctness. The procedural knowledge is represented by P-KARL. It is a variant of Dynamic Logic which has a modal semantics Woz901. The integration of the modal semantics of the task-layer and the Herbrand models of L-KARL is as follows: the models of L-KARL are used to defihe an interpretation for a P-KARL language, i.e. the perfect Herbrand model of a set of clauses is used to interpret a function symbol occurring in value assignments in P-KARL.
An operational semantics for KARL is defined in
IAng931. In contrast t o h l o g , the evaluation of these clauses is set-oriented [rru881: not one but all instantiations of a predicate are computed. This semantics was used to implement an interpreter and debugger in C which supports knowledge evaluation by prototypjng. The main restriction for executable specifications is that the perfect Herbrand models have to be finite. Figure 1 shows figure 1) . 
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